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(57) ABSTRACT 

An inventive system capable of being utilized in environ 
ments where laser transceiver nodes may be subject to 
extreme temperatures. Temperature changes in the laser 
transceiver nodes may be compensated for by utilizing a 
wide wavelength channel allocation for data sent upstream 
from the laser transceiver nodes to the data service hub. The 
wavelength channel allocations for upstream data may be 
wider than the wavelength channel allocations for down 
stream data. An exemplary embodiment of the inventive 
system may comprise a data service hub connected to one or 
more laser transceiver nodes by one or more optical 
waveguides. Some embodiments with multiple optical 
waveguides are capable of practicing route redundancy. 
According to an exemplary embodiment of the inventive 
system, the optical waveguides are capable of carrying 
multiple optical signals at different wavelengths in order to 

21, 2004. serve a plurality of laser transceiver nodes. 
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SYSTEMAND METHOD FOR OPERATING A 
WDEBAND RETURN CHANNEL IN A 

B-DIRECTIONAL OPTICAL COMMUNICATION 
SYSTEM 

STATEMENT REGARDING PRIORITY AND 
RELATED APPLICATIONS 

0001. The present application claims priority under 35 
U.S.C. S 119(e) based upon U.S. Provisional Patent Appli 
cation No. 60/637,998 entitled, “Wideband Return Optical 
Channel.” filed on Dec. 21, 2004. Additionally, the present 
application is related to U.S. non-provisional patent appli 
cation entitled, “System and Method for Communicating 
Optical Signals Upstream and Downstream Between a Data 
Service Provider and Subscribers', filed on Aug. 19, 2004 
and assigned U.S. application Ser. No 10/921,489. The 
complete disclosure of the above-identified priority appli 
cation and related application is hereby fully incorporated 
herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to video, voice, and 
data communications. More particularly, the present inven 
tion relates to a system and method for propagating optical 
signals between a data service hub and a laser transceiver 
node, wherein the laser transceiver node is potentially sub 
ject to extreme temperatures. 

BACKGROUND OF THE INVENTION 

0003. The increasing reliance on communication net 
works to transmit more complex data, Such as voice and 
Video traffic, is causing a very high demand for bandwidth. 
To resolve this demand for additional bandwidth, conven 
tional communication architectures that employ coaxial 
cables are slowly being replaced with communication net 
works that comprise only fiber optic cables. This is because 
optical fibers may carry greater amounts of information than 
coaxial cables. 

0004 U.S. Pat. No. 6,973,771, filed on Jul. 5, 2001 and 
hereby incorporated herein by reference, discloses a optical 
fiber communications network system for distributing video, 
Voice and data signals to Subscribers through the use of an 
optical waveguide terminating at a subscribers residence. 
Such a system involves at least three elements a data service 
hub, a laser transceiver node, and a subscriber optical 
interface. A data service hub formats signals and commu 
nicates them to a laser transceiver node. The laser trans 
ceiver, in turn, further formats the signals and forwards them 
to a subscriber optical interface. The subscriber optical 
interface converts downstream optical signals to electrical 
signals and upstream electrical signals to optical signals. 
0005 The laser transceiver node may be proximate to 
subscribers or may reside in the data service hub. In certain 
cases, a plurality of laser transceiver nodes will be located 
in a location outside of the data service hub and proximate 
to a group of Subscribers. In other cases, it is desirable to 
provide a plurality of data interfaces on optical waveguides 
to a single laser transceiver node in order to provide for more 
data capacity. These plurality of data interfaces may be a 
plurality of Gigabit Ethernet interfaces, which together 
provide for more subscriber bandwidth than can be provided 
with a single interface. For example, in one embodiment, a 

Aug. 24, 2006 

laser transceiver node serves 96 subscribers with a total 
bandwidth capability of three Gigabytes per second (3 
Gb/s). If it is connected to the data service hub via a single 
Gigabit Ethernet connection, only 1 Gb/s of the total of 3 
Gbfs can be used at one time because that is the limit of the 
single Gigabit Ethernet connection. However, if at least 
three Gigabit Ethernet connections are provided, the full 
subscriber bandwidth may be used. In both cases, however, 
multiple optical waveguides are normally utilized to connect 
the laser transceiver node(s) to the data service hub. 
0006 Further, it is often desirable to route the plurality of 
optical waveguides along diverse physical paths between the 
data service hub and the laser transceiver node(s). By doing 
So, if one cable is accidentally cut, the other cable can carry 
traffic until the damaged cable can be repaired. This is 
referred to as redundancy and, because it involves different 
routing of optical waveguides, it may be referred to as route 
redundancy. Similar to route redundancy is equipment 
redundancy, in which a piece of equipment on either end can 
take over for a failed piece of equipment until repairs are 
made. 

0007 As is understood by one of ordinary skill in the art, 
a single optical waveguide or a single pair of optical 
waveguides may carry multiple signals if each is carried at 
a unique wavelength. To achieve this result, a standard set of 
wavelengths has been defined by the International Telecom 
munications Union (ITU). FIG. 1 illustrates the standard 
ITU wavelength allocations for optical transmission. Chan 
nels are spaced every 20 nanometers (nm), and in order to 
allow for filter transition regions, passband filters that are 
about 13 nm wide are used to separate the wavelengths. 
Thus, for the normal ITU plan to work, an optical transmitter 
must keep the wavelength of the transmitted signal within 
this 13 nm wide window. As will be explained below, this is 
not a problem if the equipment is temperature controlled, 
however, in uncontrolled temperatures, an optical transmit 
ter may not be able to transmit within this window. 

0008. In most, if not all instances, the data service hub is 
environmentally controlled to temperatures conducive to 
human occupation. This usually means a temperature range 
of less than 0° to 50° C. This temperature range is suitable 
for the operation of most equipment housed at the data 
service hub. For example, components are usually specified 
to operate over a temperature range of 0 to +70° C. Accord 
ingly, an optical transmitter located within the data service 
hub does not need to operate over a particularly wide 
temperature range since it is within a temperature controlled 
environment. 

0009 Laser transceiver nodes, however, are often not 
disposed within a temperature regulated enclosure. In some 
instances, laser transceiver nodes are preferably located in 
the field, either mounted on a stand near a telephone pole, as 
is often practiced with cable television equipment, or in an 
unheated cabinet beside the road. Thus, the corresponding 
optical transmitter located within the laser transceiver node 
may be subject to a wider temperature variation. For 
example, temperatures that the laser transceiver node may be 
subjected to can range from -40° to +60° C. This is 
representative of the environmental extremes encountered in 
most places on earth. However, because of the internal 
temperature rise associated with equipment, the actual tem 
perature range over which the optical transmitter is likely to 
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operate is between -40° to +85°C. Therefore, it is desirable 
to design the optical transmitter so that it may operate over 
a wide range oftemperatures; specifically, it is desirable that 
an optical transmitter in the laser transceiver node at least be 
capable of operating over temperature ranges of -40 to +85° 
C. 

0010 With this extreme temperature range, a problem 
may occur during the transmission of optical signals from an 
optical transmitter. This problem is known as wavelength 
drift. FIG. 2 is a graph that illustrates the temperature 
dependency of conventional optical transmitters. Tempera 
ture is plotted on the X-axis and wavelength is plotted on the 
Y-axis. On the temperature axis, Tc, Ta, Tb, and Ta are 
plotted, where Tc represents -40°C. Ta represents 0°C. Th 
represents 70° C., and Ta represents 85°C. A line 205 is then 
plotted with a slope of 0.1 nm per degrees Celsius. This 
represents the wavelength variance, or “drift,' associated 
with a change in temperature. From this slope, lines 210 are 
drawn from the specified temperature to a corresponding 
wavelength to determine the amount of drift associated with 
that temperature. 
0011. As is understood by one of ordinary skill in the art, 
an optical waveguide transceiver within a laser transceiver 
node comprises an optical transmitter and optical receiver. 
Therefore, as can be seen from FIG. 2, a wavelength 
transmitted from the optical transmitter of an optical 
waveguide transceiver located in a laser transceiver node 
will drift drastically when subject to an extreme temperature 
range. Specifically, over the temperature range of -40 to +85 
C, the wavelength generated by the optical waveguide 
transceiver can vary about 12.5 nm. This is because there is 
a 125 degree spread between -40 to 85 degrees and, as is 
illustrated in FIG. 2, the wavelength varies by 0.1 nm/de 
gree Celsius. Thus, coupling the variance of 12.5 nm with an 
initial wavelength tuning tolerance of +2 nm (which 
includes the fact that laser wavelengths may not be specified 
exactly in the middle of the temperature range), leads to a 
total wavelength spread of about 16.5 nm for a laser trans 
ceiver node subjected to these temperatures. 
0012. As stated above, ITU specifies channel filters to be 
approximately 13 nm wide. Thus, because of the wavelength 
drift associated with extreme temperatures, optical transmit 
ters located within the optical waveguide transceiver of a 
laser transceiver node may project signals outside of the ITU 
wavelength allocations. In these instances, transmissions 
from the laser transceiver node to the data service hub may 
be lost or distorted. For this reason, conventional techniques 
require that the laser transceiver node be placed in a con 
trolled temperature environment, thereby raising the cost 
and maintenance associated with implementing an optical 
network. 

0013. Accordingly, there presently exists a need in the art 
for a system and method for communicating optical signals 
between a data service provider and a subscriber that is 
capable of operating over a wide range of temperatures in 
order to compensate for optical wavelength drift. Specifi 
cally, there exists a need in the art for utilizing laser 
transceiver nodes in the field without requiring that the laser 
transceiver node be temperature regulated. 

SUMMARY OF THE INVENTION 

0014. The present invention solves the aforementioned 
problems by providing a method and system for implement 
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ing an optical network wherein the laser transceiver nodes 
do not need to be temperature regulated. Also, the inventive 
system may provide route and equipment redundancy. Fur 
ther, the inventive system is also capable of providing a 
novel and unconventional way for avoiding the cost and 
implementation problems associated with broadcasting RF 
data to a subscriber. 

00.15 According to another exemplary embodiment, the 
inventive system is capable of being utilized in environ 
ments where laser transceiver nodes may be subject to 
extreme temperatures. According to one exemplary embodi 
ment of the inventive system, temperature changes in the 
laser transceiver nodes are compensated for by utilizing a 
wide wavelength channel allocation for data sent upstream 
from the laser transceiver nodes to the data service hub. 
According to this embodiment, the wavelength channel 
allocations for upstream data (i.e., data propagating from the 
laser transceiver nodes to the data service hub) are wider 
than the wavelength channel allocations for downstream 
data (i.e., data propagating from the data service hub to the 
laser transceiver nodes). 
0016. An exemplary embodiment of the inventive system 
may comprise a data service hub connected to one or more 
laser transceiver nodes by one or more optical waveguides. 
Some embodiments with multiple optical waveguides are 
capable of practicing route redundancy. According to an 
exemplary embodiment of the inventive system, the optical 
waveguides are capable of carrying multiple optical signals 
at different wavelengths in order to serve a plurality of laser 
transceiver nodes. In addition, the inventive system may also 
provide for greater data capacity through the use of multiple 
waveguides to a single laser transceiver nodes. 
0017. The inventive system may further comprise a mul 
tiplexer/demultiplexer (MUX/DEMUX) and a Drop/Add 
(D/A) device. The MUX/DEMUX may be designed to 
combine and filter unconventional wavelength widths as 
well as ITU standard wavelength channel widths. Similarly, 
the D/A device may be designed to filter unconventional 
wavelength widths or standard wavelength channel widths. 
In an exemplary embodiment, the unconventional wave 
length widths may be greater than the ITU standard channel 
widths. 

0018. Accordingly, the inventive system can comprise a 
system whereby laser transceiver nodes can communicate to 
the data service hub along optical waveguides utilizing 
channel widths greater than conventional standards. In con 
cert with this, the data service hub can be capable of 
transmitting optical signals to the laser transceiver node via 
the same, or a different, optical waveguide utilizing wave 
length channel widths less than those utilized by the laser 
transceiver node. These wavelength channel widths may be, 
or may not be, the ITU standard width. In any event, the 
wavelength channel widths utilized by the laser transceiver 
node in the upstream (i.e., data sent to the data service hub) 
direction may be equal to or greater than the channel widths 
utilized by the optical transmitters of the data service hub in 
the downstream (i.e., data sent from the data service hub) 
direction. 

0019. In one embodiment, where downstream data and 
upstream data are communicated to and from the data 
service hub and one or multiple laser transceiver nodes via 
separate optical waveguides, the inventive system may fur 
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ther comprise a broadcast optical transmitter for transmis 
sion of RF data to a subscriber. In this embodiment, the 
broadcast optical signal may be multiplexed in combination 
with the wideband upstream data. This combination can 
reduce or substantially eliminate the problem of Raman 
Scattering without requiring the use of an additional 
waveguide. 

0020. These and other aspects, objects, and features of 
the present invention will become apparent from the fol 
lowing detailed description of the exemplary embodiments, 
read in conjunction with, and reference to, the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is an illustration of a wavelength allocation 
plan according to the ITU standard. 
0022 FIG. 2 is a graph illustrating the change in wave 
length of a signal transmitted by an optical transmitter over 
a range of temperatures according to an exemplary embodi 
ment of the present invention. 
0023 FIG. 3 is a functional block diagram illustrating an 
exemplary optical network architecture for the present 
invention. 

0024 FIG. 4 is a functional block diagram illustrating a 
data service hub according to an exemplary embodiment of 
the present invention. 
0.025 FIG. 5 is a functional block diagram illustrating a 
laser transceiver node according to an exemplary embodi 
ment of the present invention. 
0026 FIG. 6 is an illustration of a wavelength allocation 
plan according to an exemplary embodiment of the present 
invention. 

0027 FIGS. 7A-E illustrate a Drop/Add device (D/A 
device) according to an exemplary embodiment of the 
present invention. 

0028 FIGS. 8A-C illustrate a multiplexer/de-multiplexer 
(MUX/DMUX) according to an exemplary embodiment of 
the present invention. 

0029 FIGS. 9A-B illustrate a functional block diagram 
and wavelength allocation plan, respectively, according to 
an exemplary embodiment of the present invention. 

0030 FIGS. 10A-B illustrate a functional block diagram 
and wavelength allocation plan, respectively, according to 
an exemplary embodiment of the present invention. 

0031 FIGS. 11A-B illustrate a functional block diagram 
and wavelength allocation plan, respectively, according to 
an exemplary embodiment of the present invention. 

0032 FIGS. 12A-B illustrate a functional block diagram 
and wavelength allocation plan, respectively, according to 
an exemplary embodiment of the present invention. 

0033 FIGS. 13 A-B illustrate a functional block diagram 
and wavelength allocation plan, respectively, according to 
an exemplary embodiment of the present invention. 
0034 FIGS. 14A-B are logic flow diagrams illustrating a 
method of transmitting data between a temperature regulated 
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data service hub and a temperature deregulated laser trans 
ceiver node according to an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

0035. The present invention provides a novel and uncon 
ventional method and system for implementing an optical 
network wherein the laser transceiver nodes do not need to 
be temperature regulated. Additionally, the inventive system 
may provide route and equipment redundancy. Further, the 
inventive system is also capable of providing a novel and 
unconventional way for avoiding the cost and implementa 
tion problems associated with broadcasting RF data to a 
subscriber. 

0036 FIG. 3 illustrates an optical network system as 
disclosed in U.S. Pat. No. 6,973,771, the entire contents of 
which are hereby incorporated herein by reference. Data and 
radio frequency (RF) video signals originate at a data service 
hub 310 and are transmitted to a plurality of laser transceiver 
nodes 320, only one of which is shown. The laser transceiver 
node 320 performs certain formatting operations on the data, 
and transmits it to a plurality of optical taps 330, each of 
which divides the optical signal to serve a plurality of 
subscriber optical interfaces 340. Data and video signals 
may be carried between data service hub 310 and the laser 
transceiver nodes 320 on one or more optical waveguides 
360, 370, 380. 

0037 According to one embodiment, three optical 
waveguides are utilized. It is noted that the term “optical 
waveguide' used in the present application can apply to 
optical fibers, planar light guide circuits, and fiber optic 
pigtails and other like optical waveguides. First optical 
waveguide 360 may carry broadcast video downstream to 
the laser transceiver node 320. Second optical waveguide 
370 may carry data downstream to the laser transceiver node 
320, and third optical waveguide 380 may carry data 
upstream from the laser transceiver node 320 to the service 
hub 310. As illustrated in FIG. 3, second optical waveguide 
370 and third optical waveguide 380 are each shown car 
rying two wavelengths (i.e., wavelengths w1 and M2 on 
waveguide 370 and wavelengths wa and Jub on waveguide 
370); however, the number of wavelengths on these 
waveguides 370, 380 is for exemplary purposes only. 
Accordingly, one of ordinary skill in the art understands that 
the number of wavelengths on a particular optical 
waveguide may vary depending on the use of the waveguide. 
In addition to the above, yet another optical waveguide 350 
is illustrated in FIG. 3. This optical waveguide 350 carries 
signals from the laser transceiver node 320 to the subscriber 
optical interface 340 by way of an optical tap 330. 

0038. The inventive system 300 illustrated in FIG. 3 is 
outlined by a rectangle. Accordingly, the inventive system 
300 comprises a data service hub 310, at least one multi 
plexer/demultiplexer (MUX/DMUX) 315A-D, and two or 
more laser transceiver nodes 320A-n connected by one or 
more optical waveguides 360,370,380. A preferred protocol 
for use on the data communications path between the data 
service hub 310 and the laser transceiver nodes 320A-n is 
Gigabit Ethernet, as is well understood by one of ordinary 
skill in the art. However, other protocols such as asynchro 
nous transfer mode (ATM) may be used without departing 
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from the scope and spirit of the present invention. Further, 
while the MUX/DMUX 315A-D are illustrated in the inven 
tive system 300 as being located outside of the data service 
hub 310 and laser transceiver nodes 320, it is well under 
stood by one of ordinary skill in the art that the MUX/ 
DMUX 315A-D could be located within either or both of the 
devices as would be called for under the circumstances. 
Thus, their location should not be construed as a limitation 
of the present invention. 

0039. In alternative exemplary embodiments discussed 
herein, the data service hub 310 and laser transceiver nodes 
320A-n, where “n” represents the last of a particular func 
tional element, may be connected by one, two or three 
optical waveguides 360, 370, 380. Accordingly, one of 
ordinary skill in the art will know that any number of data 
service hubs 310, laser transceiver nodes 320A-n, and 
optical waveguides 360, 370, 380, may be utilized without 
departing from the spirit and scope of the present inventive 
system and method. 

0040. It should be noted that the designation “n” in the 
text and figures herein refers to the last functional element 
in a particular series of functional elements. In this way, the 
text and figures express that any number of similar elements 
may be utilized without leaving the scope and spirit of the 
present invention. Further, while the system and method 
disclosed herein primarily concerns the movement of data 
and video signals between the data service hub 310 and the 
laser transceiver nodes 320A-n, it is understood by one of 
ordinary skill in the art that this system and method may be 
employed in other similar systems, as well as other portions 
of the optical network system, as may be needed to correct 
the problems addressed herein. For example, the inventive 
system 300 may be employed to address the exchange of 
data between the laser transceiver nodes 320 and multiple 
optical taps 330. Thus, the present invention is not limited to 
the specific embodiments and examples disclosed herein. 

0041 As is illustrated in FIG. 3, optical signals originate 
in the data service hub 310, are multiplexed, or combined, 
by a MUX/DMUX 315A (as will be described in greater 
detail below) and are propagated downstream on a first 
optical waveguide 370. Downstream, the optical signals are 
demultiplexed, or separated, by a MUX/DMUX 315B and a 
separate signal enters each of the laser transceiver nodes 
320A-n. Similarly, in the upstream direction, each of the 
laser transceiver nodes 320A-n transmits an optical signal 
which is multiplexed, together with the other laser trans 
ceiver node 320 signals, by a MUX/DMUX 315C and then 
propagated upstream on a second optical waveguide 380. 
The signals are then demultiplexed by a MUX/DMUX315D 
and received by the data service hub 310. Additionally, video 
signals may be propagated by the data service hub 310 and 
may be received by the laser transceiver nodes 320 a-n via 
a third optical wave guide 380. 

0042. According to the inventive system 300 illustrated 
in FIG. 3, temperature changes in the laser transceiver nodes 
320A-n may be compensated for by utilizing a wide wave 
length channel allocation for data sent upstream from the 
laser transceiver nodes 320A-n to the data service hub 310. 
According to this embodiment, the wavelength channel 
allocations for upstream data (i.e., data propagating from the 
laser transceiver nodes to the data service hub) are wider 
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than the wavelength channel allocations for downstream 
data (i.e., data propagating from the data service hub to the 
laser transceiver nodes). 
0043. In FIG. 3, wavelengths identified by numbers (e.g., 
W1, W2, M3, etc.) are downstream wavelengths that are 
associated with a first wavelength channel allocation. Con 
versely, upstream wavelengths in FIG. 3 are identified by 
letters (e.g., wa, wb, wc, etc.), and are specified at a second 
wavelength channel allocation in which the channels in this 
channel allocation are wider than those in the first wave 
length channel allocation. Thus, for example, downstream 
wavelengths on optical waveguide 370 may have a channel 
allocation according to the ITU standard, i.e., channel 
widths of 13 nm, while, as will be discussed in more detail 
in reference to the exemplary embodiments disclosed herein, 
upstream wavelengths may have channel widths of approxi 
mately twice the size of the downstream channel widths, i.e., 
channel widths of 26 nm. 

0044 FIG. 4 illustrates the data service hub 310 accord 
ing to an exemplary embodiment of the inventive system 
300. This exemplary embodiment is very similar to one 
described in U.S. Pat. No. 6,973,771, incorporated herein by 
reference, however, the present embodiment comprises a 
data output port 460A-n and data input port 465A-n, as 
opposed to using a combined input/output port as illustrated 
in the incorporated application. 
0045 Accordingly, the exemplary embodiment illus 
trated in FIG. 4 comprises one or more sets of optical 
transmitters 425A-n, optical receivers 470A-n, data output 
ports 460A-n, and data input ports 465A-n serve each 
corresponding laser transceiver node 320A-n (not illustrated 
in FIG. 4) via one or more optical waveguides 360, 370, 
380. The optical transmitters 425A-n can comprise standard 
off-the-shelf analog externally modulated distributed feed 
back (DFB) laser transmitters, including those manufactured 
by Synchronous and Scientific-Atlanta. The laser optical 
transmitters 425 can also comprise one of Fabry-Perot (F-P) 
Laser Transmitters, and Vertical Cavity Surface Emitting 
Lasers (VCSELs). However, other types of optical transmit 
ters 425A-n are possible and are not beyond the scope of the 
present invention. 
0046) The input ports 465A-n and output ports 460A-n 
are connected to one or more first optical waveguides 370, 
380 that support optical signals between the data service hub 
310 and one or more laser transceiver nodes 320. While the 
number of input ports 465 and output ports 460 paired with 
each laser transceiver node 320 (not illustrated in FIG. 4) 
may be one or more, it is understood by one of ordinary skill 
in the art that other embodiments may use additional input 
ports 465, output ports 460, and optical waveguides 360, 
370, 380 to transmit data to each laser transceiver node 320 
in order to provide increased data bandwidth. 
0047 The data service hub 310 may further comprise an 
Internet router 440. The data service hub 310 can also 
comprise a telephone switch 445 that supports telephony 
service to the subscribers of an optical network system. 
However, other telephony services, such as Internet Protocol 
telephony, can also be supported by the data service hub 310. 
If only Internet Protocol telephony is supported by the data 
service hub 310, then it is apparent to those skilled in the art 
that the telephone switch 445 could be eliminated in favor of 
lower cost VoIP equipment. For example, in another exem 
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plary embodiment (not illustrated), the telephone switch 445 
could be substituted with other telephone interface devices 
Such as a soft Switch and gateway. But if the telephone 
switch 445 is needed, it may be located remotely from the 
data service hub 310 and can be connected through any of 
several conventional means of interconnection. 

0.048. The data service hub 310 can further comprise a 
logic interface 450 that is connected to a laser transceiver 
node routing device 455. The logic interface 450 can com 
prise a Voice over Internet Protocol (VoIP) gateway when 
required to Support such a service. The laser transceiver 
node routing device 455 can comprise a conventional router 
that Supports an interface protocol for communicating with 
one or more laser transceiver nodes 320. This interface 
protocol can comprise one of gigabit or faster Ethernet and 
SONET protocols. However, the present invention is not 
limited to these protocols. Other protocols can be used 
without departing from the scope and spirit of the present 
invention. 

0049. The logic interface 450 and laser transceiver node 
routing device 455 can read packet headers originating from 
the internet router 440. The logic interface 450 can also 
interface with the telephone switch 445. After reading the 
packet headers, the logic interface 450 and laser transceiver 
node routing device 455 can determine where to send the 
packets of information. 
0050. The laser transceiver node routing device 455 can 
Supply downstream data signals to respective laser optical 
transmitters 425A-n as described above. The data signals 
can then be converted into optical signals by the laser optical 
transmitters 425A-n and can then be propagated downstream 
to corresponding data output ports 460A-n connected to a 
downstream optical waveguide 370. 
0051 Similarly, data can enter data input ports 465A-n 
from optical waveguide 380 and be propagated to optical 
receivers 470A-n, wherein the signals are re-converted to 
electrical form. The optical receivers 470A-n then propagate 
the converted signals to the laser transceiver node routing 
device 455 which, in turn, propagates the signals to the logic 
interface 450. The logic interface 450 and laser transceiver 
node routing device 455 can read the signals to determine 
which device the signals are intended for. Thus, certain data 
may be forwarded to the internet router 440 and other data 
may be forwarded to the telephone switch. 

0.052 The data service hub 310 may also have the added 
capability of sending RF Video signals to each linked laser 
transceiver node 320. If enabled as such, the data service hub 
310 would further comprise the components illustrated in 
the upper portion of FIG. 4 separated from the bottom 
portion of the figure by a heavy dotted line. Specifically, the 
data service hub 310 would comprise one or more modula 
tors 410A-B designed to support television broadcast ser 
vices. The one or more modulators 410A-B can be analog or 
digital type modulators. Those skilled in the art will appre 
ciate that the number of modulators 410A-B can be varied 
without departing from the scope and spirit of the present 
invention. Thus, in one exemplary embodiment (not illus 
trated), there may be 78 or more modulators present in the 
data Service hub 310. 

0053. The signals from the modulators 410A-B are com 
bined in a combiner 420 where they are supplied to an 
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optical transmitter 425. The radio frequency signals gener 
ated by the modulators 410A-B are converted into optical 
form in the optical transmitter 425. From here, the optical 
RF Video signal is propagated to an amplifier 430, Such as 
an Erbium Doped Fiber Amplifier (EDFA), where the RF 
Video optical signal is amplified. The amplified signal is then 
propagated out of the data service hub 310 via a unidirec 
tional signal output port 435, which is connected to a third 
optical waveguide 360. Additionally, other exemplary 
embodiments disclosed herein allow for the distribution of 
video signals on the inventive system 300 without requiring 
the use of a third optical waveguide 360. 
0054 FIG. 5 illustrates an exemplary embodiment of a 
laser transceiver node 320 according to an exemplary 
embodiment of the inventive system 300. In this exemplary 
embodiment, the laser transceiver node 320 can comprise a 
unidirectional optical signal input port 505 that can receive 
RF Video optical signals propagated from the data service 
hub 310 along an optical waveguide 360. The RF video 
optical signals received at the input port 505 are propagated 
to an amplifier 510, such as an Erbium Doped Fiber Ampli 
fier (EDFA), in which the RF video optical signals are 
amplified. The amplified optical signals are then split in the 
splitter 515 such that they may be propagated to multiple 
combined input/output ports 545A-n and then further propa 
gated downstream to ultimately be received by a subscriber. 
0055. The laser transceiver node 320 can further com 
prise an input port 523 that connects the laser transceiver 
node 320 to an optical waveguide 370 that supports data 
flow between the data service hub 310 and the laser trans 
ceiver node 320. Downstream optical signals flow through 
the optical input port 523 to an optical waveguide trans 
ceiver 530, which can convert downstream optical signals 
into the electrical domain. As is understood by one of 
ordinary skill in the art, the optical waveguide transceiver 
530 further comprises an optical receiver 470 (not illustrated 
in FIG. 5) and an optical transmitter 425 (not illustrated in 
FIG. 5). Thus, one of ordinary skill in the art understands 
that the optical transmitter 425 (not illustrated in FIG. 5) 
that forms a part of the optical waveguide transceiver 530 
can convert upstream electrical signals into the optical 
domain which may then be distributed upstream via an 
optical waveguide 380 via the output port 525. Similarly, 
one of ordinary skill in the art understands that the optical 
receiver 470 (not illustrated in FIG. 5) that also comprises 
the optical waveguide transceiver 530 may receive optical 
signals originating from the data service hub 310 and 
propagating through downstream waveguide 370 via the 
data input port 523. 
0056. The laser transceiver node 320 may also comprise 
an optical tap routing device 535 and tap multiplexers 
540A-n. The optical tap routing device 535 can manage the 
interface with the data service hub 310 signals and can route 
or divide or apportion the data service hub 310 signals 
according to which optical tap 330 (not illustrated in FIG. 
5) is to receive the downstream signal, or according to which 
optical tap 330 originated the upstream signal. More spe 
cifically, for downstream signals, the optical tap routing 
device 535 can manage the interface with the data service 
hub 310 signals and can route these signals to the corre 
sponding individual optical tap multiplexers 540A-n. 
0057. In the upstream direction, the optical tap routing 
device 535 is notified of available upstream data packets as 
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they arrive by each tap multiplexer 540A-n. The optical tap 
routing device 535 is connected to each tap multiplexer 
540A-n to receive these upstream data packets. The optical 
tap routing device 535 relays the packets to optical 
waveguide transceiver 530, which converts the signals into 
the optical domain and sends them out the output data port 
525 and on to the data service hub 310 via an optical 
waveguide 380. 

0058. The optical tap routing device 535 can build a 
lookup table from these upstream data packets coming to it 
from all tap multiplexers 540A-n by reading the source IP 
address of each packet, and associating it with the tap 
multiplexer 540A-n through which it came. This lookup 
table can then be used to route packets in the upstream path. 
Similarly, as each packet comes in from the optical 
waveguide transceiver 530, the optical tap routing device 
535 looks at the destination IP address (which is the same as 
the source IP address for the upstream packets) and there 
from can determine to which tap multiplexer 540A-n the 
packet needs to be sent. This can be described as a normal 
layer three router function as is understood by those skilled 
in the art. 

0059. The optical tap routing device 535 can also assign 
multiple Subscribers to a single port. Thus, the optical tap 
routing device 535 can determine which tap multiplexers 
540A-n are to receive a downstream electrical signal, or 
identify which of a plurality of tap multiplexers 540A-n 
propagated an upstream signal. The optical tap routing 
device 535 can format data and implement the protocol 
required to send and receive data from each individual 
subscriber connected to a respective optical tap 330 (not 
illustrated in FIG. 5). To perform these functions, the optical 
tap routing device 535 may comprise a computer or a 
hardwired apparatus that executes a program defining a 
protocol for communications with groups of Subscribers 
assigned to individual ports. One exemplary embodiment of 
the program defining the protocol is discussed in commonly 
assigned provisional patent application entitled, "Method 
and System for Processing Downstream Packets of an 
Optical Network, filed on Oct. 26, 2001 and assigned U.S. 
application Ser. No. 10/045,652, the entire contents of which 
are hereby incorporated herein by reference. 

0060. With the optical tap routing device 535, the laser 
transceiver node 320 can adjust a subscriber's bandwidth on 
a Subscription basis or on an as-needed or demand basis. The 
laser transceiver node 320 via the optical tap routing device 
535 can offer data bandwidth to subscribers in pre-assigned 
increments. For example, the laser transceiver node 320 via 
the optical tap routing device 535 can offer a particular 
subscriber or groups of subscribers bandwidth in units of 1. 
2, 5, 10, 20, 50, 100, 200, and 450 Megabits per second 
(Mb/s). Those skilled in the art will appreciate that other 
subscriber bandwidth units are not beyond the scope of the 
present invention. 

0061 Electrical signals are communicated between the 
optical tap routing device 535 and respective tap multiplex 
ers 540A-n. The tap multiplexers 540A-n, along with optical 
transmitters 425A-n and optical receivers 470A-n, propagate 
optical signals to and from various groupings of Subscribers. 
Each tap multiplexer 540A-n is connected to a respective 
optical transmitter 425A-n. The optical transmitters 425A-n 
produce the downstream optical signals that are propagated 
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towards the subscriber optical interfaces 340 (not illustrated 
in FIG. 5). As noted above, the optical transmitters 425A-n 
can comprise one or more of the Volgatech SLD series 
diodes or the SLD-56-MP from Superlum, Ltd. 
0062 Each tap multiplexer 540A-n is also coupled to an 
optical receiver 470A-n. Each optical receiver 470A-n, as 
noted above, can comprise photoreceptors or photodiodes. 
Each optical transmitter 425A-n and each optical receiver 
470A-n can be connected to a respective bi-directional 
splitter 560A-n. Each bi-directional splitter 560A-n, in turn, 
can be connected to a diplexer 520A-n. 
0063. The signals propagating from each optical trans 
mitter 425A-n or propagating to each optical receiver 
470A-n are combined in the bi-directional splitter 560A-n. 
The optical signals sent from the optical transmitter 425A-n 
into the bi-directional splitters 560A-n can then be propa 
gated to the diplexer 520A-n and then towards bi-directional 
input/output port 545A-n that is connected to another optical 
waveguide 350 that supports bi-directional optical data 
signals between the laser transceiver node 320 and a respec 
tive optical tap 330 (not illustrated in FIG. 5). 
0064. In another exemplary embodiment (not illustrated), 
the downstream signals propagating from the bi-directional 
splitters 560A-n can be combined or multiplexed by a 
MUX/DMUX 315 (as will be described in further detail 
below). As is known by one of ordinary skill in the art, by 
propagating information at different wavelengths, one opti 
cal waveguide can service a number of individual optical 
taps 330. For example, an optical signal passing through a 
MUX/DMUX 315 from a first optical transmitter 425A may 
be tuned at optical wavelength wa, while the signal passed 
through a MUX/DMUX 315 from a second optical trans 
mitter 425B may be tuned at optical wavelength b. Like 
wise, a signal passed through a MUX/DMUX 315 from an 
n" transmitter 425n may be tuned at optical wavelength n. 
Accordingly, these signals at varying frequencies may exit 
the laser transceiver node 320 through bi-directional input/ 
out ports 545A-n, be multiplexed or combined in the MUX/ 
DMUX 315, and then propagated along one optical 
waveguide 350 to multiple optical taps 330. In this way, the 
wideband channels of the inventive system 300 may be 
utilized to propagate the signals downstream to the multiple 
optical taps 330. 

0065 Comparing FIGS. 4 and 5 in relation to one 
another better illustrates how data might flow between a data 
service hub 310 and a laser transceiver node 320. To transmit 
data in the downstream direction, a signal may originate in 
the data service hub 310 at the optical transmitter 425A and 
pass through the data output Port 460A and then into the 
optical waveguide 370. At the laser transceiver node 320, the 
signal may pass from the downstream optical waveguide 
370 to the optical signal input 523 and then to the optical 
waveguide transceiver 530. 
0066. The optical waveguide transceiver 530, utilizing an 
optical receiver, converts the signal from an optical to an 
electrical signal and forwards the signal to the optical tap 
routing device 535. The optical tap routing device 535 then 
routes the signals to multiple tap multiplexers 540A-n. Each 
signal is then sent to a laser optical transmitter 425, so that 
it may be converted from an electrical to an optical signal 
and then transmitted to a splitter 560, diplexer 520A, and 
finally to a combined signal input/output port 545. From 



US 2006/01878.63 A1 

here, the optical signal is sent downstream to a Subscriber 
located at an optical tap 330 (not illustrated in FIG. 5) via 
an optical waveguide 350. 
0067. In the upstream direction, a signal may optically 
originate in the optical waveguide transceiver 530 of the 
laser transceiver node 320, pass through optical signal 
output 525 and into the upstream optical waveguide 380. 
The signal subsequently may enter the data service hub 310 
on data input port 465A and terminate at optical receiver 
470A, where the signal is reconverted to electrical form. In 
concurrence with the above, a video signal may also be 
transferred from the data service hub 310 to the laser 
transceiver node 320 on a separate optical waveguide 360. 
Alternatively, as will be discussed in detail below, a video 
signal may be transferred downstream on upstream optical 
waveguide 380. 
0068 U.S. Pat. No. 6,973,771, which is incorporated 
herein by reference, describes in greater detail how the data 
service hub 310 and laser transceiver node 320 process data 
and video signals, as well as how those signals are ultimately 
routed to the subscriber. The inventive system 300 disclosed 
herein, however, is primarily concentrated on data flow 
between the data service hub 310 and the laser transceiver 
node 320. Thus, while the inventive system 300 may be 
utilized by one of ordinary skill in the art for other configu 
rations, Subsequent figures herein illustrate signals originat 
ing and terminating between the data service hub 310 and 
laser transceiver node 320 without reference to the internal 
movement of data or the movement of data outside of the 
two components of the optical network. 
0069 FIG. 6 illustrates a wavelength allocation plan 
according to an exemplary embodiment of the inventive 
system 300. As explained earlier, the data service hub 310 is 
commonly temperature-controlled. Because of this, laser 
signals transmitted by the optical transmitters 425 therein do 
not have a problem adhering to the ITU standard wavelength 
widths. On the other hand, a laser transceiver node 320 is 
often located in sources where extreme temperatures are 
possible. Thus, conventional techniques utilizing the ITU 
standard are not conducive for the proper transmission of 
signals from an optical waveguide transceiver 530 located in 
a laser transceiver node 320 exposed to extreme tempera 
tures. As discussed, this is because a signal transmitted from 
an optical waveguide transceiver 530 in a laser transceiver 
node 320 may “drift” from its center wavelength beyond the 
13 nm channel width that is accorded to each channel in the 
ITU Standard. FIG. 2 illustrates the drift. 

0070. To solve this problem, the inventive system 300 
allocates wavelengths in Such a way as to accommodate the 
wavelength drift associated with extreme temperatures. The 
graph located in the top portion of FIG. 6 illustrates a 
wavelength allocation for downstream data originating from 
the data service hub 310. According to this exemplary 
embodiment, the wavelength allocation for this downstream 
data corresponds to the standard ITU wavelength channel 
allocation. As stated, this is because the data service hub 310 
is temperature controlled and, therefore, waveguides located 
therein do not experience excessive wavelength drifts and 
thus can adhere to the ITU standard wavelength widths. 
0071. In contrast to the temperature controlled data ser 
vice hub 310, a laser transceiver node 320 exposed to 
extreme temperatures may have a variation in wavelength of 
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more than 16 mm. Under these conditions, an optical 
waveguide transceiver 530 disposed in the laser transceiver 
node 320 would be unable to adhere to the ITU wavelength 
allocation. Therefore, the graph in the bottom portion of 
FIG. 6 illustrates a wavelength allocation that allows for 
transmission in these extreme temperatures. AS is illustrated, 
the upstream channel width, i.e., the channel width for 
signals originating from the laser transceiver node 320, are 
wider than the corresponding downstream channel widths 
transmitted from the data service hub 310. Specifically, the 
downstream channel widths in this exemplary allocation are 
roughly twice the width of the standard ITU channels. In this 
way, the upstream channel is wide enough to accommodate 
the excessive drift of the optical transmitter 425 in the 
optical waveguide transceiver 530. Thus, the closer-spaced 
channels illustrated in the top portion of FIG. 6 may be used 
for downstream transmission from the temperature con 
trolled data service hub 310, while the wider channels 
illustrated in the bottom portion of FIG. 6 may be used for 
upstream transmission from the uncontrolled laser trans 
ceiver node 320. 

0072. In order to implement the exemplary wavelength 
channel allocations illustrated in FIG. 6, the inventive 
system 300 may comprise a Drop?Add (D/A) device and 
multiplexer/demultiplexer (MUX/DMUX). Such devices 
are commercially available and are understood by those 
skilled in the art. Additionally, FIGS. 7A-E and 8A-C 
exemplify typical configurations of a Drop/Add device 700 
and MUX/DMUX800 that may be utilized to implement the 
exemplary embodiments of the inventive system 300 dis 
closed herein. 

0.073 FIGS. 7A-E illustrate an optical D/A device 700 
that may be used to implement exemplary embodiments of 
the inventive system 300. It is noted that this device should 
not to be confused with a Drop?. Add multiplexer, although it 
performs an analogous function in the optical domain. As is 
known by one of ordinary skill in the art, a D/A device 700 
is a passive optical device that may comprise a left port 701, 
a right port 703, a bottom left port 702, a bottom right port 
704, and a band stop filter 705 in which wavelengths are 
specified to be “dropped' or “added.' Optical signals may 
enter the D/A device 700 at the left or right port 701, 703. 
The D/A device 700 then “drops, or routes, a signal from 
the other signals to the bottom left or bottom right ports 702, 
703, according to the wavelength specified by the band stop 
filter 705. 

0074 As examples of the above, FIG. 7A illustrates 
wavelengths centered at u1 and 2 entering the left port 701. 
The band stop filter in FIG. 7A is tuned to wavelength 1 
and has a certain channel width allocation. Therefore, a 
signal within the channel width allocation corresponding to 
the centered wavelength 1 will “drop” from the device 700 
out of the bottom left port 702. The remaining signal, 2. 
however, continues through the device 700 and exits through 
the right port 703. Thus, all of the optical signals entering at 
the left port 701, except for a signal within the channel 
allocation of the band stop filter 705, will pass through the 
device and out of the right port 703 unaffected (except for a 
Small amount of attenuation). Any signal within the specific 
wavelength channel allocation specified by the band stop 
filter 705, however, will be routed, or “dropped,” to the 
bottom left port 702. 
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0075. The device is also symmetrical, such that a signal 
within the design of the band stop filter 705 may enter the 
bottom left port 702 and propagate to the left port 701, where 
it is combined or Summed with optical signals at other 
wavelengths that enter the right port 703 and pass through 
the device to the left port 701. Thus, as is illustrated in FIG. 
7B, optical signal 2 may enter the right port 703, while 1 
enters the bottom left port 702. The D/A device 700 then 
“adds the signals together and they exit together at the left 
port 701. 
0076 Similarly, FIGS. 7C-D provide examples of how a 
signal is added or dropped between the left port 703 and the 
bottom right port 704. As is illustrated in FIG. 7C, all 
wavelengths, except the wavelength falling within the chan 
nel allocation centered at wavelength 1, will pass through 
to the left port 701. However, a signal within the channel 
width centered at 1 will be diverted to the bottom right port 
704. In the reverse, as is illustrated in FIG. 7D, a signal at 
wavelength v1 may enter at the bottom right port 704 and 
propagate to the right port 703, where it is combined or 
Summed with optical signals at other wavelengths which 
enter at the left port 701 and pass through the device to the 
right port 703. 
0077 FIG. 7E exemplifies a D/A device 700 that may be 
used on an optical waveguide 370 ring, as will be discussed 
in further detail below. The left port 701 and right port 703 
may be connected to a waveguide 370 (not illustrated in 
FIG. 7E) and the bottom left port 702 and bottom right port 
704 may be connected to a laser transceiver node (not 
illustrated in FIG. 7E). In this exemplary embodiment, a 
multiplicity of signals transmitted by a data service hub 310 
(not illustrated in FIG. 7E) may be propagated downstream 
via an optical waveguide 370. These signals would enter the 
D/A device 700 via the left or right ports 701, 703 and a 
signal corresponding to the band stop filter 705 design 
would exit the bottom left or bottom right ports 702, 704, 
respectively. In the upstream, a laser transceiver node 320 
would transmit a signal into the bottom left or bottom right 
port 702, 704 and the signal would be “added to the other 
signals being transmitted through the device 700 from the 
right or left port 701, 703. 
0078. In implementing the exemplary embodiments dis 
closed herein, a different D/A device 700 may be designed 
for every wavelength an and channel width allocation. For 
example, a laser transceiver node 320 may be designed to 
receive a wavelength from the data service hub 310 centered 
at 1270 nm. To accomplish this, a D/A device 700 with a 
channel allocation centered at 1270 nm and a channel width 
of 13 nm (i.e., the ITU standard width) may be designed to 
“drop' the signal to the laser transceiver node 320. Like 
wise, according to an exemplary embodiment of the inven 
tive system 300, another D/A device 700 designed with a 
band stop filter specified at 1270 nm and a channel width of 
26 nm may be utilized to “add the upstream signal trans 
mitted by the laser transceiver node 320 with other wave 
lengths. These signals are then sent to the data service hub 
310 on one upstream waveguide 380. In this same manner, 
other D/A devices 700 may be designed to drop or add 
signals for laser transceiver nodes 320. Further, additional 
features and implementations of the D/A device 700 will 
become apparent to one of ordinary skill in the art in 
reference to the figures and specification illustrating the 
various exemplary embodiments disclosed herein. 
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0079 FIGS. 8A-C illustrate a similar device to the D/A 
device 700 called a coarse wave division multiplexer/de 
multiplexer (MUX/DMUX) 315, also often referred to by 
the terms CWDM MUX or DMUX. This device is known to 
one of ordinary skill in the art and may be used as a 
multiplexer to combine signals, or as a demultiplexer to 
separate signals. The MUX/DMUX 315 is used as a multi 
plexer to combine optical signals at different wavelengths. 
For example, wavelengths W1, W2, M3 . . . win may be 
combined into one optical signal. 

0080. As is illustrated in FIG. 8A, when used as a 
multiplexer, individual signals. Such as wavelengths W1, W2, 
and 3, enter at the appropriate ports 805A-n on the left and 
a composite of all signals, W1+)2+3, exits at the input/ 
output port 810 on the top right. Similarly, as is illustrated 
in FIG. 8B, when the MUX/DMUX 315 is used as a 
demultiplexer, a composite of all signals enters at the 
input/output port 810, and individual signals at predeter 
mined wavelengths exit at the ports 805A-n on the left. 
Further, the MUX/DMUX 315 may operate simultaneously 
as a multiplexer at Some wavelengths and as a demultiplexer 
at others. This is illustrated in FIG. 8C. Additionally, as is 
known by one of ordinary skill in the art, the MUX/DMUX 
may be optimized for minimum insertion loss when multi 
plexing and may be designed for the required adjacent 
channel rejection when demultiplexing. 

0081 Like the D/A device 700, a MUX/DMUX 315 may 
be designed to multiplex or demultiplex according to a 
certain wavelength and associated channel width. For 
example, a MUX/DMUX 315 may be designed to multiplex 
and demultiplex signals centered at 1270 nm, 1290 nm, 1320 
nm, and 1350 nm that fall within a 13 nm channel width (i.e., 
the ITU standard width). In this case, wavelengths falling 
within 6.5 nm of the center wavelength (e.g., 1263.5 to 
1276.5 nm for the 1270 nm channel) would be multiplexed 
or demultiplexed according to this design. Likewise, a 
MUX/DMUX 315 may be designed with the above center 
channel widths, but with wider channel width allocations. 
For example, the MUX/DMUX 315 may be designed 
according to channel widths twice that of the ITU standard, 
or 26 nm. Designed in this way, wavelengths entering within 
plus or minus 13 nm of the center wavelength would be 
multiplexed or demultiplexed. 

0082) Additionally, one MUX/DMUX 315 may be 
designed to multiplex and demultiplex signals according to 
various channel widths. For example, some wavelengths 
may be multiplexed and demultiplexed according to a chan 
nel width allocation of 13 nm, whereas other signals may be 
multiplexed or demultiplexed based on a channel width 
allocation of 26 mm. Thus, the MUX/DMUX 315 may be 
designed in order to implement the various exemplary 
embodiments disclosed herein. Consequently, one of ordi 
nary skill in the art will appreciate the various functions and 
implementations of the MUX/DMUX 315 that will become 
apparent from the specification and associated figures below. 

0083) Utilizing the above A/D device 700 and MUX/ 
DMUX 315, exemplary embodiments of the present inven 
tive system 300 may be illustrated. In the following exem 
plary embodiments illustrated in FIGS. 9-13, wavelengths 
identified by numbers (e.g., W1, W2, M3, etc.) are downstream 
wavelengths and are illustrated as having a first wavelength 
channel allocation of X width, where X represents a width 
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(W) in nanometers. For example, in FIG. 6, the numbered 
wavelengths are illustrated as having a wavelength centered 
at a certain wavelength, e.g., 1270 nm, and having a channel 
allocation according to the ITU standard, i.e., a channel 
width of 13 nm. Therefore, in FIG. 6, X is equal to 13 nm. 
Given this channel allocation, a MUX/DMUX 315 would 
multiplex or demultiplex as the 1270 nm wavelength any 
signal sent to it ranging from 1263.5 nm to 1276.5 nm. 
Likewise, in FIGS. 9-13, a MUX/DMUX 315 would mul 
tiplex or demultiplex any signal as a specified wavelength if 
it fell within the plus or minus one-half of X of the specified 
wavelength. 

0084 Different from downstream wavelengths, upstream 
wavelengths are identified in the exemplary embodiments 
disclosed herein by letters (e.g., wa, wb, wc, etc.), and are 
specified as having a second wavelength channel allocation 
in which wider channels are utilized. For example, a wave 
length centered at 1270 nm in the bottom portion of FIG. 6 
is illustrated as having a channel width (W) that is wider 
than the channel widths of the first wavelength channel 
allocation. Therefore, in FIG. 6, any channel widths greater 
than the ITU standard, i.e., greater than 13 nm, could be 
utilized in the upstream direction. As illustrated in FIG. 6, 
the upstream channel widths can be twice the width of 
channel widths in the ITU standard, or 26 nm. Given this 
channel allocation, a MUX/DMUX 315 multiplexing and 
demultiplexing downstream wavelengths would multiplex 
or demultiplex any signal sent to it ranging from 1257 nm to 
1283 nm as being the 1270 nm wavelength. 

0085. In FIGS. 9-13, the wider channel widths are illus 
trated as being greater than the width specified for the 
downstream channel widths. As stated, the downstream 
channel widths are represented as having a width of X in 
FIGS. 9-13. Therefore, the wider upstream wavelength 
channel widths are represented in FIGS. 9-13 as having a 
width (W) that is greater than X, i.e., W>X. Thus, these 
figures specify that the downstream channel widths are of 
any width greater than X. It should also be noted that the 
exact wavelength used as the center of each optical signal in 
the exemplary embodiments illustrated in FIGS. 9-13 is not 
important and should, therefore, not be construed as a 
limitation of the inventive system 300. That is, although a 
frequency of 1270 nm may be a representative wavelength 
in a particular wavelength channel allocation figure, it is the 
graphical illustration of the channel width Surrounding that 
particular wavelength that is important, not the wavelength 
itself. 

0.086 FIG. 9A illustrates an exemplary embodiment of 
the inventive system 300 where multiple laser transceiver 
nodes 320 are located in close proximity to one another. 
Accordingly, this embodiment may be utilized at times when 
it is desirable to co-locate a number of laser transceiver 
nodes 320. For example, if a system operator has a subdi 
vision of only a few hundred homes, he or she may want to 
extend a single pair of optical waveguides to the entry of the 
subdivision and co-locate five laser transceiver nodes 320 at 
that point to serve all of the subscribers in the subdivision. 
Thus, this configuration may be achieved by utilizing the 
asymmetrical optical exemplary embodiments illustrated in 
FIGS. 9A-B. 

0087. According to this exemplary embodiment, a set of 
five optical transmitters 425A-E and optical receivers 
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470A-E may be located at the data service hub 310 in a 
controlled temperature environment. As is illustrated, these 
optical transmitters 425A-E and optical receivers 470A-E 
correspond to five laser transceiver nodes 320A-E, illus 
trated on the right of FIG. 9A. While five laser transceiver 
nodes 320A-E are illustrated, this number is for exemplary 
purposes only and should not be considered as a limitation 
of this particular exemplary embodiment. 

0088 To facilitate the transmission of the optical signals, 
the inventive system 300 also comprises four MUX/DMUX 
315A-D, a downstream optical waveguide 370, and an 
upstream optical waveguide 380. While a line is drawn 
around the laser transceiver nodes 320A-E and the MUX/ 
DMUX 315C, 315D in FIG.9A, this is for illustration only. 
One of ordinary skill in the art knows that the MUX/DMUX 
315C, 315D may or may not also be co-located with the laser 
transceiver nodes 320A-E. The output of each optical trans 
mitter 425A-E is routed to a MUX/DMUX 315A with five 
input ports and one output port. The optical signals exiting 
the MUX/DMUX 31 SA are multiplexed, or summed 
together, and carried downstream by the downstream optical 
waveguide 370 to the location of the laser transceiver nodes 
320A-E. The individual optical signals are then de-multi 
plexed, or separated, in another MUX/DMUX 315C and 
transferred to each corresponding laser transceiver nodes 
32OA-E. 

0089. The upstream optical signals c through wi, exclud 
ing Wh, are generated by five optical waveguide transceivers 
530 (not illustrated in FIG. 9A), respectively residing in 
each laser transceiver node 320. They are combined into one 
optical waveguide by a MUX/DMUX 315D and sent 
upstream on the upstream optical waveguide 380. At the data 
service hub 310, the wavelengths are again separated in a 
MUX/DMUX 315B and then sent to optical receivers 
470A-E (not illustrated in FIG. 9A) located in the data 
Service hub 310. 

0090 FIG.9B illustrates a wavelength allocation plan 
according to an exemplary embodiment of the inventive 
system 300. The top portion is a graphical illustration of the 
wavelength channel widths for the downstream data that is 
communicated on downstream optical waveguide 370. 
Because the optical transmitters 425 which generate the 
optical signals from the data service hub 310 are located in 
a temperature controlled environment, conventional wave 
length spacing may be used, as is illustrated, for the down 
stream wavelength allocation. Thus, the downstream wave 
length channel widths may correspond to the ITU standards. 
It should also be noted that the specific wavelengths illus 
trated in FIG.9B (e.g., 1530, 1550, etc.) are exemplary and 
should not be considered as limitations. Accordingly, any 
five wavelengths may be used according to an exemplary 
embodiment of the inventive system as illustrated in FIG. 
9B. 

0091. The wavelength channel width used in the 
upstream direction for the exemplary embodiment is illus 
trated in the bottom portion of FIG.9B. Again, the particular 
wavelengths illustrated should not be construed as a limi 
tation of the inventive system 300. As is illustrated, these 
wavelength band widths are wider than those in the down 
stream direction. These wider bands account for the wave 
length drift that may be associated with the laser transceiver 
nodes 320A-D and are approximately twice the size of the 
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ITU standard bandwidths. Thus, according to an exemplary 
embodiment of the inventive system 300 illustrated in FIG. 
9, the downstream wavelengths transmitted from the data 
service hub 310 comprise wavelength channel widths com 
parable to the ITU standard, while the upstream wavelengths 
transmitted from the laser transceiver nodes 320A-E com 
prise wavelength channel widths that are wider than the ITU 
standard. 

0092 An unexpected feature of the inventive system 300 
is the availability for the inclusion of a downstream broad 
cast optical signal Wh on the upstream waveguide 380. As 
illustrated in FIG. 9A, a broadcast optical transmitter 425F 
generates a broadcast optical signal at a wavelength of 1550 
nm. This signal is then amplified in an amplifier 430 and 
Supplied as an input to one of the six ports located on the 
MUX/DMUX 315B. Because the MUX/DMUX 3.15B is a 
bidirectional device, it works in both directions simulta 
neously. Accordingly, the MUX/DMUX 315B combines the 
downstream broadcast optical signal at 1550 nm with the 
upstream data signals originating from the laser transceiver 
nodes 320A-E. 

0093. At the MUX/DMUX 315D, the broadcast optical 
signal is separated from the upstream data signals. It is then 
routed to a coupler 905 which extracts approximately 20% 
of the signal power to go to one of the laser transceiver nodes 
320A. The remaining signal power is split four ways in a 
splitter 910 and supplied to the other four laser transceiver 
nodes 320B-E. If necessary, another optical amplifier 430 
can also be placed on the end of this link to amplify the 
signal for broadcast to the laser transceiver nodes 320B-E. 

0094. The combination of the downstream video with the 
upstream data avoids problems associated with transmitting 
data and video in the same direction. Those skilled in the art 
know that if the data signals carried on wc through wi were 
flowing in the same direction as the broadcast video on Wh, 
interference would likely develop due to a well-known 
phenomenon known as stimulated Raman scattering (SRS). 
To prevent this, conventional methods call for the video 
signal to be carried on a separate optical waveguide. How 
ever, since the broadcast signal flows in the opposite direc 
tion of the upstream data signals in FIG. 9, SRS interference 
does not develop. Therefore, the present invention offers a 
novel and unconventional approach by propagating a broad 
cast signal downstream where upstream data is being propa 
gated on the same optical waveguide 380. Thus, this 
approach reduces the need for broadcasting the video signal 
on a separate optical waveguide in order to prevent SRS. 

0.095 FIG. 10A illustrates another exemplary embodi 
ment of the inventive system 300. In this embodiment, five 
laser transceiver nodes 320A-E may be connected to a data 
service hub 310 using a single optical waveguide 370 that 
forms a ring connecting the data service hub 310 and all 
laser transceiver nodes 320A-E. The laser transceiver nodes 
320A-E may be, but are not necessarily, co-located. The 
optical waveguide 370 ring provides for route redundancy, 
as is understood by one of ordinary skill in the art. Thus, if 
the optical waveguide is broken at any point around the ring, 
there remains a path back to the data service hub 310 so that 
communications may continue while the break is repaired. 
Further, when the optical waveguide 370 is not broken, 
twice the bandwidth may be used between the data service 
hub 310 and each laser transceiver node 320A-E. 
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0096. As illustrated in FIG. 10A, the data service hub 
310 further comprises a first set of data ports 1005A and a 
second set of data ports 1005B. These data ports may 
comprise data output ports 460 and data input ports 465 (as 
illustrated in FIG. 4), or the data ports may be dual input/ 
output ports. In any event, the first set of data ports 1005 
comprises a multiplicity of optical transmitters 425A-E and 
optical receivers 470A-E. These optical transmitters 425A-E 
and optical receivers 470A-E are utilized when there is no 
break in the optical waveguide 370. The second set of data 
ports 1005B comprises a set of secondary optical transmit 
ters 425F-J and optical receivers 470F-J. These optical 
transmitters 425F-J and receivers 470F-J may be utilized if 
there is a break somewhere in the ring, in order to provide 
redundancy for the inventive system 300. 
0097. Note that, besides providing redundancy, the first 
and second sets of data ports 1005A-B may also be used 
simultaneously to provide for higher bandwidth to each laser 
transceiver node 320A-E when the optical waveguide 370 
forms a functional ring. In this configuration, if the ring 
formed by optical waveguide 370 were to be broken, the 
total bandwidth to each laser transceiver node 320A-E 
would be reduced; however, communication would still be 
possible while the break was repaired because of the route 
redundancy of the system. 
0098. Two MUX/DMUX 315A-B also comprise the 
exemplary embodiment illustrated in FIG. 10A. As is illus 
trated, the MUX/DMUX 315A-B are utilized both for mul 
tiplexing and demultiplexing simultaneously. Thus, each 
MUX/DMUX 315-B multiplexes, or combines, the down 
stream optical signals on wavelengths w1 through W5, and 
demultiplexes, or separates, the upstream optical signals on 
wavelengths we through wi simultaneously. As is known in 
the art, this is possible because the MUX/DMUX 315 
operates identically in both directions. 
0099] In addition to the two MUX/DMUX 315A-B, the 
inventive system 300 also comprises multiple D/A devices 
700A-F. As in FIG. 9, the numbered wavelengths carry 
information downstream from the data service hub 310 to 
the various laser transceiver nodes 320A-E, while the let 
tered wavelengths carry information upstream from the 
various laser transceiver nodes 320A-E to the Data service 
hub 310. 

0.100 FIG. 10B illustrates a corresponding exemplary 
wavelength allocation plan for the exemplary embodiment 
of FIG. 10A. Note that the downstream and upstream 
wavelengths are paired. For example, W1 is downstream and 
Wi is the corresponding upstream wavelength for the first 
laser transceiver node 320A. Similarly, 2 and b serve the 
second illustrated laser transceiver node 320B. This contin 
ues through to the last illustrated laser transceiver node 
320E. The wavelength allocation plan illustrated in FIG. 
10B is, of course, for exemplary purposes only and is not 
meant to limit the potential configurations of the inventive 
system 300. There are an unlimited number of ways to 
combine the upstream and downstream wavelengths, so long 
as the upstream wavelength bands are broader than the 
downstream wavelengths in order to accommodate the 
wavelength drift of the lasers in the laser transceiver nodes 
32OA-E. 

0101 To operate the system 300 according to the wave 
length allocations defined in FIG. 10B, the MUX/DEMUX 
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315A-B and D/A device 700A-E must be designed to 
according to the wavelength allocation plan. Specifically, the 
MUX/DMUX 315A-B would be designed according to the 
ITU standard for the data transmitted in the downstream 
direction by the data service hub 310, while the MUX/ 
DMUX 315A-B would be designed according to wavelength 
channels approximately twice the ITU standard for data 
transmitted upstream from the laser transceiver node 320. 
Further, according to an exemplary embodiment, the lettered 
D/A devices 700B, 700D, 700F must be specified to a wide 
bandwidth Such that they may accommodate the wavelength 
drift of the lasers transmitted by the laser transceiver nodes 
320. Likewise, the numbered D/A devices 700A, 700C, 
700E, must be designed for narrow bandwidths to accom 
modate the normal ITU wavelength allocations utilized by 
the lasers in the data service hub 310. Therefore, according 
to this exemplary embodiment, the wavelength channels of 
the wavelength-lettered D/A devices 700B, 700D, 700F may 
be twice the width of the wavelength-numbered D/A devices 
700A, 700C, 700E. Further, the wavelength-numbered D/A 
devices 700A, 700C, 700E, may have a bandwidth alloca 
tion according to that defined by the ITU standard. 

0102 FIG. 11 A is yet another exemplary embodiment of 
the inventive system 300 comprising nine laser transceiver 
nodes 320A-I utilizing two optical waveguides 370, 380. As 
in FIG. 10A, FIG. 11A also provides redundancy by uti 
lizing a first and secondary data port 1005A-B. The first data 
port 1005 comprises data output ports 325A-H and data 
input ports 370A-H. The second data port 1005 comprises 
data output ports 325I-P and data input ports 370I-P. Further, 
according to an exemplary embodiment, two MUX/DMUX 
315A-B are utilized for the downstream channel, while two 
MUX/DMUX315C-D are utilized for the upstream channel. 

0103) In addition to the two MUX/DMUX 315A-D, the 
inventive system 300 illustrated in FIG. 11A also comprises 
multiple D/A devices 700A-R. As before, the numbered 
wavelengths carry information downstream from the data 
service hub 310 to the various laser transceiver nodes 
320A-I, while the lettered wavelengths carry information 
upstream from the various laser transceiver nodes 320A-I to 
the data service hub 310. 

0104 FIG. 11B illustrates an exemplary wavelength plan 
for the exemplary embodiment illustrated in FIG. 11A. 
According to this exemplary embodiment, every other ITU 
wavelength is used in the downstream direction, thereby 
allowing for nine laser transceiver nodes 320A-I to be 
utilized without exceeding the ITLJ bandwidth allocations. 
While it is possible to use other sets of wavelengths, 
preferred exemplary embodiments would all use defined 
ITU wavelengths in the downstream direction. Note that it 
is also possible to utilize more ITU channel allocations for 
downstream wavelengths if it is important to deliver more 
downstream than upstream bandwidth. This so-called asym 
metrical bandwidth allocation is used in some standard 
systems. 

0105. In the upstream direction, wider channel widths are 
utilized to accommodate the wavelength drift associated 
with the effect of extreme temperatures on the laser trans 
ceiver nodes 320A-I. As illustrated in FIG. 11B, like wave 
lengths are used for the downstream and upstream commu 
nications to and from each laser transceiver node 320A-I. 
That is, for laser transceiver node 320A, the downstream 

Aug. 24, 2006 

wavelength W1 and the upstream wavelength wa are both 
centered at a wavelength of 1270 nm. This correspondence, 
however, is only for exemplary purposes; accordingly, one 
of ordinary skill in the art is aware that other variations could 
be utilized without departing from the scope and spirit of the 
present invention. 
0106 FIG. 12A illustrates yet another exemplary 
embodiment of the inventive system 300. As is illustrated in 
FIG. 12A, the inventive system comprises 12 laser trans 
ceiver nodes 320A-L utilizing two optical waveguides 370, 
380. As in the two previous exemplary embodiments, FIG. 
12A also provides redundancy by utilizing a first and 
secondary data port 1005A-B. The first data port 1005 
comprises data output ports 325A-L and data input ports 
370A-L. The second data port 1005 comprises data output 
ports 325M-X and data input ports 370M-X. Further, 
according to an exemplary embodiment, the inventive sys 
tem 300 comprises four MUX/DMUX 315A-D. The MUX/ 
DMUX 315A-B connected to the downstream optical 
waveguide 370 are designed to accommodate up to 15 
wavelengths, where 12 of the wavelengths are used for 
downstream communications, and three are used for 
upstream communications. The two MUX/DMUX 315C-D 
connected to the upstream optical waveguide 380 are 
designed to accommodate the nine wavelengths. 
0107 Further, the inventive system 300 illustrated in 
FIG. 12A also comprises multiple D/A devices 700A-X. As 
before, the numbered wavelengths carry information down 
stream from the data service hub 310 to the various laser 
transceiver nodes 320A-L, while the lettered wavelengths 
carry information upstream from the various laser trans 
ceiver nodes 320A-L to the data service hub 310. 

0108. The above configuration may be better understood 
in reference to the wavelength channel allocation plan 
illustrated in FIG. 12B. Wavelengths wa through 1 origi 
nate from the laser transceiver nodes 320A-L and, therefore, 
comprise wide wavelength bands to accommodate the wave 
length drift associated with extreme temperatures at the laser 
transceiver nodes 320A-L. Additionally, it can be seen from 
FIG. 12B that wavelengths j through 1 are on the 
downstream optical waveguide 370, while wavelengths wa 
throughui are on the upstream optical waveguide 380. Thus, 
signals through Wl run in the opposite direction as signals 
7 through 18 on the downstream optical waveguide 370. 

This allows an increase in the number of laser transceiver 
nodes 320 that may be utilized by the inventive system 300. 
0109 FIG. 12B is similar to FIG. 11B except that the 
downstream wavelengths are “bunched together at one 
edge of the ITU wavelength spectrum in FIG. 12B. This 
provides additional spectrum on the downstream optical 
waveguide 370 such that upstream data from three addi 
tional laser transceiver nodes 320.J-L may be placed on the 
downstream optical waveguide 370. Accordingly, the advan 
tage of utilizing this exemplary embodiment is that addi 
tional laser transceiver nodes 320 may be accommodated on 
the same optical ring (i.e., the optical network formed by the 
optical waveguides 370, 380). 

0110. Further, it is notable that in order to accommodate 
the wavelength channel allocation described in FIG. 12B, 
the MUX/DMUX 315A-B associated with the downstream 
data must be designed to multiplex and de-multiplex both 
wavelengths carried on both wide and narrow wavelength 
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channels. Specifically, the downstream MUX/DEMUX 
315A-B illustrated in FIG. 12A would be designed to have 
wide channel widths for wavelengths j through 1, while 
having narrow channel widths for 7 through 18. One of 
ordinary skill in the art will know how to construct such a 
device. 

0111 FIG. 13A illustrates yet another exemplary 
embodiment of the inventive system 300. The exemplary 
embodiment illustrated in FIG. 13A is very similar to the 
one illustrated in FIG. 12A, except that in FIG. 13A one of 
the upstream wavelengths has been altered to allow for 
broadcast video distribution downstream. Thus, the broad 
cast signal flows in the opposite direction from the data 
signals (i.e., flows downstream on the same waveguide as 
upstream data), thereby avoiding SRS interference. 
0112 Turning specifically to FIG. 13A, the inventive 
system 300 comprises eleven laser transceiver nodes 
320A-Kutilizing two optical waveguides 370,380. As in the 
previous exemplary embodiments, FIG. 13 provides redun 
dancy by utilizing a first and secondary data port 1005A-B. 
The first data port 1005 comprises data output ports 325A-H 
and data input ports 370A-H. The second data port 1005 
comprises data output ports 3251-P and data input ports 
3701-P. 

0113. The inventive system 300 illustrated in FIG. 13A 
further comprises four MUX/DMUX 315A-D. The MUX/ 
DMUX 315A-B connected to the downstream optical 
waveguide 370 are designed to accommodate up to 14 
wavelengths, where 11 are used for downstream communi 
cation from the data service hub 310 and three are used for 
upstream communication from the laser transceiver nodes 
3201-K. In the upstream direction, the MUX/DMUX 
315C-D connected to optical waveguide 380 are designed to 
accommodate up to nine wavelengths, where eight are 
utilized for upstream communication from the laser trans 
ceiver nodes 320A-H and one is used for downstream video 
distribution from the data service hub 310. 

0114) Further, the inventive system 300 illustrated in 
FIG. 13A also comprises multiple D/A devices 700A-V. As 
before, the numbered wavelengths carry information down 
stream from the data service hub 310 to the various laser 
transceiver nodes 320A-K, while the lettered wavelengths 
carry information upstream from the various laser trans 
ceiver nodes 320A-K to the data service hub 310. 

0115 The exemplary embodiment illustrated in FIG. 
13A also offers the advantage of allowing an RF video signal 
to be broadcast to the laser transceiver nodes 320A-K. If 
utilized, an RF vide optical signal with a wavelength cen 
tered at 1550 nm originates from a broadcast optical trans 
mitter 425 and is amplified by an amplifier 430 before being 
injected into the upstream optical waveguide 380. The video 
signal at 1550 nm propagates downstream in the reverse 
direction as the upstream data on the optical waveguide 380 
and is received by each laser transceiver node 320A-K via 
a coupler 1305A-K. 
0116. The broadcast video signal may be injected at 
either upstream MUX/DMUX 315B, 315D, however, in 
FIG. 13A it is illustrated as being supplied to the MUX/ 
DEMUX 315B attached to the first data ports 1005A. 
Additionally, the broadcast optical signal could likewise be 
injected into both MUX/DEMUX 315B, 315D to provide 
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for redundancy. However, this configuration would require 
intelligent D/A devices 700 at all laser transceiver nodes 
320A-K. One of ordinary skill in the art knows how intel 
ligent D/A devices 700 may be designed and operated. 
Specifically, if enabled for redundancy, the intelligent D/A 
device 700A-V would block signal transmission at wave 
length 15 between ports 701 and 703 (as illustrated in FIG. 
7), unless the D/A device 700A-V detected a signal missing 
in one direction or the other. In that case, it would couple 
signals at all wavelengths between ports 701 and 703. 

0.117) The above configuration may be better understood 
in reference to the corresponding wavelength channel allo 
cation plan illustrated in FIG. 13B. Wavelengths a through 
wk originate from the laser transceiver nodes 320A-K and 
proceed upstream via optical waveguide 380. As is illus 
trated in FIG. 13B, these signals are utilized over wide 
wavelength bands to accommodate the wavelength drift 
associated with extreme temperatures that may occur at the 
laser transceiver nodes 320A-K. Also as illustrated in FIG. 
13B, wavelengths a through Wh proceed to the data service 
hub 310 (not illustrated in FIG. 13B) over the upstream 
optical waveguide 380 while wavelengths wi through Juk 
proceed upstream over the downstream optical waveguide 
370. Additionally, wavelengths 7 through 14, as well as 
W16 through W18 are propagated along the downstream 
optical waveguide 370. The broadcast optical video signal, 
signified as wavelength 15 in FIG. 13B, is propagated 
downstream along the upstream optical waveguide 380 So as 
to avoid the occurrence of Raman scattering. Thus, the 
exemplary embodiment offers significant advantages over 
the conventional technique of broadcasting the RF optical 
signal along an additional optical waveguide 360. 

0118 FIGS. 14A-B illustrate a method of implementing 
an exemplary embodiment of the inventive system 300. In 
step 1405, multiple signals are propagated by the data 
service hub 310. In step 1410, these signals are combined 
with other signals in a MUX/DMUX 315, where the MUX/ 
DMUX 315 is designed according to the ITU wavelength 
allocations. In step 1415, the combined signals are propa 
gated along a downstream optical waveguide 370. The 
signals then arrive at a MUX/DMUX 315 or D/A device 700 
in step 1420. Here, the signals are de-multiplexed or 
“dropped.” depending on the device. In any case, the par 
ticular device employed is designed according to a wave 
length allocation corresponding to the ITU standard. In step 
1425, the signals are then received by the laser transceiver 
node 320. 

0119) The upstream process is described in FIG. 14B in 
steps 1430-1450. While these steps sequentially follow other 
steps in the flow chart, it is understood by one of ordinary 
skill in the art that steps 1430-1450 could occur simulta 
neously, before, or after, steps 1405-1425. Thus, the par 
ticular order or sequence of steps 1430-1450 should not be 
viewed as a limitation of the inventive system 300. 

0.120. In step 1430, one or more laser transceiver nodes 
320 transmit an optical signal. These signals are then mul 
tiplexed by a MUX/DMUX 315 in step 1435. Notably, the 
MUX/DMUX 315 is designed according to a channel allo 
cation that is wider than the downstream standard allocation. 
In step 1440, the multiplexed signal is sent upstream on an 
optical waveguide. Importantly, the optical waveguide may 
be the same as the one carrying the downstream data from 
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the data service hub 310, or it may be a completely different 
one. That is, the upstream data may or may not be carried on 
the same waveguide as the downstream data is carried. 
Accordingly, either optical waveguide 370 or an additional 
optical waveguide 380 may be utilized in step 1440. In step 
1445, the signals are separated on a MUX/DMUX 315 
designed according to wavelength allocations wider than the 
ITU standard. In step 1450, the optical signals enter the data 
service hub 310 and are received by the optical receivers 
470. 

0121 Thus, the above described embodiments encom 
pass an optical fiber system that is capable of propagating 
optical signals to and from a data service hub 310 to a laser 
transceiver node 320 in which the laser transceiver node 320 
is capable of being Subjected to extreme temperatures. As 
described above, it is common for a data service hub 310 to 
be located in an environment suitable for humans to work; 
therefore, the equipment operating temperature range is 
relatively small. Because of this, the wavelengths produced 
by the optical transmitters 425 (as illustrated in FIG. 4) do 
not tend to vary outside of the pre-defined ITU standard. 
However, a laser transceiver node 320 may at times be 
placed where it is Subject to a wide temperature range. In 
extreme temperatures, the optical waveguide transceiver 530 
(as illustrated in FIG. 5) of the laser transceiver node 320 
will exhibit a wider wavelength variability. This necessitates 
operating a novel and unconventional bidirectional commu 
nications system 300 that comprises wider upstream chan 
nels than its corresponding downstream channels. 

0122 Several exemplary embodiments herein have been 
illustrated to assemble practical optical networks comprising 
wideband return optical channel widths. These exemplary 
embodiments, while illustrated with standard ITU wave 
length allocations in the downstream direction, may be 
implemented with any wavelength allocation in the down 
stream direction. Further, while the upstream communica 
tion channel has been defined in the above examples as 
being roughly twice the width of the ITU wavelength width, 
this also may be altered without leaving the spirit and scope 
of the present invention. For example, a laser transceiver 
node 320 may be located in a climate that is not be subject 
to the extreme conditions necessary for a wavelength chan 
nel twice the width of the ITU channel. For these climates, 
a wavelength channel of approximately 1.5 times the ITU 
channel width may be deemed sufficient to accommodate the 
drift associated with that particular climate's temperatures. 
Accordingly, the MUX/DMUX 315 and A/D device 700 
may be designed for the appropriate wavelength allocation 
plan consistent with the spirit and scope of the present 
invention. 

0123. Similarly, other variations may be called for where 
some laser transceiver nodes 320 are subject to extreme 
temperatures and others are not. In this scenario, the inven 
tive system 300 may be designed such that broad channel 
widths accompany those laser transceiver nodes 320 subject 
to extreme temperatures and, for those not subject to the 
extreme temperatures, a common width channel—Such as 
the ones defined in the ITU standard may be utilized. 
Accordingly, one of ordinary skill in the art will appreciate 
the numerous and varying combinations of channel alloca 
tions that may be utilized without departing from the scope 
and spirit of the present invention. 
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0.124. Therefore, the above exemplary embodiments 
illustrate various implementations of the inventive system 
300. Although specific embodiments of the present inven 
tion have been described above in detail, these descriptions 
are merely for purposes of illustration. Various modifica 
tions of the disclosed aspects of the exemplary embodi 
ments, in addition to those described above, may be made by 
one of ordinary skill in the art without departing form the 
spirit and scope of the present invention defined in the 
claims set out below, the scope of which is to be accorded 
the broadest interpretation so as to encompass such modi 
fications and equivalent structures. 
We claim: 

1. A system for operating a wideband return channel 
allocation in a bi-directional optical communication system, 
comprising: 

a first optical transmitter for transmitting a first optical 
signal on an optical waveguide in a first direction; 

a first optical receiver for receiving said first optical signal 
transmitted on said optical waveguide; 

a second optical transmitter for transmitting a second 
optical signal on said optical waveguide in a second 
direction, wherein said second direction is the opposite 
of said first direction; 

a second optical receiver for receiving said second optical 
signal transmitted on said optical waveguide; 

an optical multiplexer for multiplexing said first optical 
signal, said multiplexer designed to multiplex said first 
optical signal according to a first optical channel width: 
and 

a demultiplexer for demultiplexing said second optical 
signal, said demultiplexer designed to multiplex said 
second optical signal according to a second optical 
channel width, wherein said second optical channel 
width is wider than said first optical channel width. 

2. The system in claim 1, further comprising an optical 
transmitter for transmitting a radio frequency broadcast 
Video optical signal. 

3. The system in claim 2, wherein said radio frequency 
broadcast video optical signal is transmitted in said first 
direction along a second optical waveguide. 

4. The system in claim 1, further comprising a drop? add 
device for routing said second optical signal, said drop/add 
device designed according to said second optical channel 
width. 

5. The system in claim 1, wherein said first optical 
transmitter is located in a temperature controlled environ 
ment. 

6. The system in claim 1, wherein said second optical 
transmitter is located in an uncontrolled temperature envi 
rOnment. 

7. The system in claim 1, wherein said second optical 
channel width is twice the width of said first optical channel 
width. 

8. The system in claim 1, wherein said first optical 
channel width corresponds to one of the channel widths as 
defined in the International Telecommunications Union 
wavelength allocation standard. 

9. The system in claim 1, wherein said first optical 
channel width is 13 nanometers and said second optical 
channel width is 26 nanometers. 
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10. The system in claim 1, wherein the optical transmitters 
comprise distributed feedback lasers. 

11. The system in claim 1, wherein the optical transmitters 
comprise Fabry-Perot Laser Transmitters. 

12. The system in claim 1, wherein the optical transmitters 
comprise Vertical Cavity Surface Emitting Lasers. 

13. A system for operating a wideband return channel 
allocation in a bi-directional optical communication system, 
comprising: 

a first optical transmitter for transmitting a first optical 
signal on a first optical waveguide in a first direction; 

a first optical receiver for receiving said first optical signal 
transmitted on said first optical waveguide; 

a second optical transmitter for transmitting a second 
optical signal on a second optical waveguide in a 
second direction, wherein said second direction is the 
opposite of said first direction; 

a second optical receiver for receiving said second optical 
signal transmitted on said second optical waveguide; 

an optical multiplexer for multiplexing said first optical 
signal, said multiplexer designed to multiplex said first 
optical signal according to a first optical channel width: 
and 

a demultiplexer for demultiplexing said second optical 
signal, said demultiplexer designed to multiplex said 
Second optical signal according to a second optical 
channel width, wherein said second optical channel 
width is wider than said first optical channel width. 

14. The system described in claim 13, further comprising 
an optical transmitter for transmitting a radio frequency 
broadcast video optical signal in said first direction on said 
second optical waveguide. 

15. The system in claim 13, further comprising a drop?add 
device for routing said second optical signal, said drop/add 
device designed according to said second optical channel 
width. 

16. The system described in claim 13, wherein said first 
optical transmitter is located in a temperature controlled 
environment. 

17. The system described in claim 13, wherein said 
second optical transmitter is located in an uncontrolled 
temperature environment. 

18. The system described in claim 13, wherein said 
second optical channel width is twice the width of said first 
optical channel width. 

19. The system described in claim 13, wherein said first 
optical channel width corresponds to one of the channel 
widths as defined in the International Telecommunications 
Union wavelength allocation standard. 

20. The system described in claim 13, wherein said first 
optical channel width is 13 nanometers and said second 
optical channel width is 26 nanometers. 

21. A method for propagating a wideband return channel 
allocation in a bi-directional optical communication system, 
comprising the steps of 

transmitting a first optical signal from a first optical 
transmitter on an optical waveguide in a first direction; 

multiplexing said first optical signal according to a first 
optical channel width: 
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transmitting a second optical signal from a second optical 
transmitter on said optical waveguide in a second 
direction, wherein said second direction is the opposite 
of said first direction; 

demultiplexing said second optical signal according to a 
second optical channel width, said second optical chan 
nel width is wider than said first optical channel width. 

22. The method according to claim 21, further comprising 
the steps of: 

demultiplexing said first optical signal according to said 
first optical channel width; and 

multiplexing said second optical signal according to said 
second optical channel width. 

23. The method according to claim 21, further comprising 
the steps of: 

routing said first optical signal with a first drop?add 
device, said first drop/add device designed according to 
said first optical channel width. 

routing said second optical signal with a second drop?add 
device, said second drop/add device designed accord 
ing to said second optical channel width. 

24. The method according to claim 21, further comprising 
the steps of: 

broadcasting a radio frequency broadcast optical signal 
from a third optical transmitter; 

amplifying said radio frequency broadcast optical signal 
with an amplifier; 

propagating said radio frequency broadcast optical signal 
in said first direction along a second optical waveguide. 

25. A method for propagating a wideband return channel 
allocation in a bi-directional optical communication system, 
comprising the steps of: 

transmitting a first optical signal from a first optical 
transmitter on a first optical waveguide in a first direc 
tion; 

multiplexing said first optical signal according to a first 
optical channel width: 

transmitting a second optical signal from a second optical 
transmitter on a second optical waveguide in a second 
direction, wherein said second direction is the opposite 
of said first direction; 

demultiplexing said second optical signal according to a 
second optical channel width, said second optical chan 
nel width is wider than said first optical channel width. 

26. The method according to claim 25, further comprising 
the steps of: 

demultiplexing said first optical signal according to said 
first optical channel width; and 

multiplexing said second optical signal according to said 
second optical channel width. 

27. The method according to claim 25, further comprising 
the steps of: 

routing said first optical signal with a first drop?add 
device, said first drop/add device designed according to 
said first optical channel width. 
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routing said second optical signal with a second drop? add amplifying said radio frequency broadcast optical signal 
device, said second drop/add device designed accord- with an amplifier; 
ing to said second optical channel width. 

28. The method according to claim 25, further comprising 
the steps of: 

propagating said radio frequency broadcast optical signal 
in said first direction along said second optical 
waveguide. 

broadcasting a radio frequency broadcast optical signal 
from a third optical transmitter; k . 


